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(54) Radio comnminlcation apparatus and nriethod with adaptive antenna array reception 



(57) The rac£o communication apparatuses and 
radio communk»tlon methods of the present invention 
detect the timing of an incoming wave, perform adaptive 
array antenna reception at the timing of the incoming 
wave, calculate a new weighting coeffictent from the 
weighting coefficient of the reception result, detect the 



reception power of the desired wave and SIR level from 
the weighting coefficient and the received signal, select 
a weighting coefficient with the greater level and carry 
out transmission using the weighting coefficient 
selected above. 
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Description 

BACKOROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present indention relates to base station apparatuses and radio communication methods used In radio 
communication systems. Description of the Related Art 

[0002] A conventional base station apparatus is explained first. FIG.1 shows a block diagram showing the oonfigura- 
10 tion of a conventional base station apparatus. FIG.2A and FIQ.2B are schematic drawings showing transmission mod- 
els in a mobile communication environment. FIG.4A and FIG.4B are schematic drawings shovkring reception directivity 
patterns of an adaptive array antaina recever. 

[0003] Transmission models in radio communications are explained using FIQ.2A and FIQ.2B. Here, by way of exam- 
ple, a case where the nuntber of antennas of racfio communication apparatuses (base station apparatuses) 21 and 30 
IS Is 3 is explained. Fia2A shows the uplinic (from a terminal to a base station] and FIG^B shows the downlink (from the 
base station to the terminal). 

[0004] A signal transmitted from tenminal apparatus 25 is reflected by tjuilding 26 or mountain 27, etc. and reaches 
antennas 22 to 24 of base station apparatus 21 . Such a transmission path is called "multi-path transmission path," and 
the technology for compensating multi-path transmission is called "equalization technology." 

20 [0005] Generally, filing to compensate this multt-path transmission results in deterioration of the communication qual- 
ity. In this example, suppose that a signal from the buikiing is received with an extremely small delay (generally, one 
symbol or less). A signal from mountain 27 containing a large delay may therefbre be a msyor ^or of deterioration of 
the communicatton quality. On the other hand, signals transmitted through antennas 31 to 33 of base station apparatus 
30 are reflected by building 36 or mountain 37. etc. and reach antenna 34 of terminal apparatus 35. 

25 [0006] In order to suppress mutti-path transmission, it is desirable to transmit a signal through transmission path 39. 
In multi-path transmission paths, the communication quality of transmission path 40 and transmission path 41 changes 
as the terminal moves. In this case, it is important to detect the drection of an optimal communication quality and cany 
out transmission focused on that directk)n. 

(0007) The operation of the conventtonal base station apparatus shown in F1G.1 is explained. Here, by way of exam- 
30 pie. a case where the number of antennas of the base station apparatus is 3 is explained. Signals received through 
antennas 1 to 3 are passed through antenna sharing devk»s 4 to 6, respectively, amplified, frequency-converted and 
A/D-converted k)y radio reception circuit 7 and t)a8ek>and signals or IF signals are extracted from there. If transmission 
and reception signals have a same frequency (TDD transmission), switches are used instead of sharing devices. 
[0008] These signals are sent to timing detection section 8. Timing detection section 8 calculates optimal reception 
35 timing. The optimal reception timing is calculated, for example, by embedding a pattern known to Ixrth the transmitter 
and receiver in a frame, transmitting it from the transmitter, canying out A/D conversion by the receiver for a period sev- 
eral or over ten times one-symbol time, performing correlatton operation with the known symbol and detecting timing 10 
at which great power results from the correlation operation. 

[0009] TTils timing tO is sent to decimation section 9. The decimatk)n sectwn sends the received signal of timing tO to 
40 adaptive array antenna receiver 1 2. The adaptive array antenna receiver combines the received signals from the three 
antennas in such a way that the desired wave or SIR reaches a maximum value. The combination result and weighting 
coefficients used for multiplication of the received signals of the antennas are output. TTiese weighting coefficients form 
reception directivity. F1Q.4A gives an example of reception directivity As seen from the drawing, the reception directivity 
gain In directions shown by anows 201 and 202 is large, while the gain in the direction shown by arrow 203 Is small. 
45 FiG.4B plots the direction (angle) on the vertical axis and reception directivity gain on the vertical axis. 

[001 0] An adaptive array antenna receiver is explained in "W^eform Equalization Technology for Digital Mobile Com- 
munications* (pp.101-1 16. published by Triceps Corporation on June 1 , 1996. 1SBN4-88657-801-2), etc. 
[0011] Performing adaptive Euray antenna processing to extract a desired signal provkles directivity for the desired 
signal, producing a portion with small directivity (called "null") 203 in an unnecessary signal (signal in the same direction 
50 as that of the desired signal which arrives at a different time because it takes a different transmission path, or signal 
from another transmitter). The number of null points is known to be (number of array antennas - 1) and when the 
number of antennas is 3. two null points are formed as shown In FIG.4A and FIG.4B. 

[0012] Then, the transmitting side is explained. Modulator 13 modulates transmission data. Sum-of-products cak:u- 
lator 14 nxjltiplies (generally, oonrrplex mult'plteation) the data by a weighting coeffk;ient which has a same directivity 
55 pattern based on the reception weighting coefficient. Generally, since TDD (Time Division Duplex) transmission uses a 
same radio frequency for both transmission and reception, the same reception weigNing coeff k:ient is used for multipli- 
cation as the transmission weighting coefficient. 

[0013] On the other hand, in FDD (Frequency Division Dt4)lex) which uses different radio frequencies between trans- 
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mission and reception, the directivity pattern will be different if the same reception weighting coeffiderrt is used, and 
therefore a transmission weighting coefficient is re-created and multiplied based on the weighting ooefTicient atxave. The 
re-creation of the transmission weighting coefficient above is e)q3lained in "Spectral efficiency improvement by k>ase sta- 
tion antenna pattern control for land mobile cellular systems" by Ohgane in TECHNICAL REPORT OF lEICE (RCS93- 
5 8. 1993-05). etc. 

[0014] Then, the result of multiplying the weighting coeffident to obtain the same directivity as the reception drectivity 
through re-creation of the transmission weighting coeffident is subjected to frequency conversion arKi amplification 1:^ 
radio transmission circuit 15 and transmitted from antennas 1 to 3 via antenna sharing devices 4 to 6. 
[001 5] By way of example. FtG.4C shows the transmission directivity. The drawing shows that the transmission direc- 
10 tivity gain is large in the directions shown by an-ows 204 and 205, and the signal is transmitted with the same directivity 
pattem as the reception directivity shown in FIG.4A. The esqslanations hereafter will omit the re-creation of the trans- 
mission weighting coeffident due to differences in radio spectrum between transmission and reception. 
[0016] Thus, transmitting signals with the same directivity pattern as the reception directivity pattern based on the 
reception signal weighting coeffident combined by the adaptive array antenna has the following advantages: 

IS 

(1) Avoiding transmission In the direction in which an unnecessary signal has arrived allows the transmitting side 
to compensate the multi-path transmissbn path. This eliminates the necessity fbr providing the receiver (terminal 
side) with a high-level technology such as equalizer. 

(2) Avoiding transnri^ion in the direction in which an unnecessary signal has arrived limits the reach of the trans- 
20 mitted radio wave, making it possik)le to improve the spectral effidency of the downlinks. 

(3) Using the reversibility of transmission paths, signals are transmitted through transmission paths on the uplink 
with greater power of the desired wave or with greater SIR, and thus the power of the desired wave or SIR is greater 
on the downlink, too. 

25 [001 7] However, the conventional system has the following problems: 

(1) When signals are transmitt^ on the downlink with the same directivity pattern as that on the uplinK the direc- 
tivity is directed in directions other than null points (directions in which the desired wave may be included) because 
of directivity pattern characteristics, which means that transmisston power is dispersed in those directions. This 

30 may cause the reception power of the desired wave of the communication counterpart (terminal) to deteriorate 
compered to wfien signals are transmitted only in a specific directk)n. 

(2) Because of directivity pattem characteristics, the directivity is also directed in directions in vtfhich the desired 
wave may t>e included, and thus interference with other stations may be greater compared to when sisals are 
transmitted only in a specific direction with an optimum SIR among receptkin directivity patterns. 

3S Furthermore, in a CDMA system using spread spectrum communicatior^: 

(3) Compared to when signals are transmitted only in a specific direction with optimum power of the desired wave 
or SIR, interference with other stations is greater, and thus the system capacity deteriorates. 

SUMMARY OF THE IIMVENTION 

40 

[0018] It is an objective of the present invention to provide a base station apparatus capable of preventing det^iora- 
tion of the reception power of desired radio waves, redudng int^erence witii other stations and at the same time avoid- 
ing deterk)ration of the system capadty. 

[001 9] This objective is achieved by a base station apparatus comprising a rec^tion section for performing adaptive 
4s array antenna reception, a first directivity formation section for forming reception directivity from the received signal, and 
a second cBrectivity formation section for forming new directivity from the reception directivity akx3ve which Is limited to 
a specific direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

so 

[0020] The above and other objects and features of the invention will appear more fully hereinafter from a considera- 
tion of the following desaiptfon taken in connection with the accompanying drawing wherein one example is illustrated 
by way of exanrple, in which; 

ss FIQ.1 is a block diagram showing a conventional t>ase station apparatus; 

FIQ.2A and FIQ.2B are schematic drawings showing radio transmission models; 

FIG.3 is a btock diagram showing a base station apparatus according to Emtxxiiments 1 to 3 of the present inven- 
tion; 
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FIG.4A to FIG.4C are drawings showing reception directivity of an adaptive array antenna of the base station appa- 
ratus according to Embodiment 1 of the present tnvention and transmission directivity of an adaptive array antenna 
of the conventior^l base station apparatus; 

FIG.5A and FIG.5B are drawings showing directivity patterns of the adaptive array antenna of the base station 
5 according to Embodiment 1 of the present Invention; 

FIG.6 is a tAodK diagram showing a base station apparatus according to Embodiment 4 of the present invention; 

FIG.7 is a block diagram showing a base station apparatus according to Embodiment 5 of the present invention; 

FIQ.8A and FIQ.8B are drawings showing directivity patterns of the adaptive array antenna of the base station 

according to an embodiment of the present invention; 
10 FIG.9 is a block diagram showing a base station apparatus according to Emtxxiiment 5 of the present invention; 

FIG. 10 is a bkx;k diagram showing a k»ase statkin apparatus according to Emixidiments 6 to 8 of the present inven- 
tion; 

FIQ.1 1 is a block diagram showing a base station apparatus according to Embodiment 9 of the present invention; 
FIG. 12 is a block diagram showing a base station apparatus according to Embodiments 10 and 15 of the present 
IS invention: 

FIG. 13 is a schematic drawing showing a radto transmission model according to Embodiment 10 of the present 

invention; 

FIG. 14 is a cirawing showing transmission directivity of the adaptive array antenna of the t>ase station apparatus 
according to Embodiment 10 of the present invention; 
20 FIG.15 is a block diagram showing a base station apparatus according to Embodiments 1 1 and 16 of the present 
invention; 

FIG.16 Is a block diagram showing a base station apparatus according to EmbocSments 12 and 17 of the present 
invention; 

FIG. 17 is a block diagram showing a basB station apparatus according to Embodiments 13 and 18 of the present 

25 invention; 

FIG. 18 ts a block diagram showing a t>ase station apparatus according to Embodiments ^4an6 19 of the present 
invention; 

FIG.19 is a block diagram showing a terminal apparatus according to EnAxximents 15 to 17 of the present Inven- 
tton: 

30 FIQ.20 is a block diagram showing a terminal apparatus according to Embodiments 1 8 and 19 of the present inven- 
tion; and 

FIG.21 is a t)lock diagram showing a t>ase station apparatus accoiding to Embodiment 18 of the present inventksn. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

35 

[0021] With reference now to the attached drawings, the embodiments of the present invention are explained In detail 
below. 

(Embodiment 1) 

40 

10022] FIG.3 is a t>lock diagram showing a base station apparatus according to Embodiment 1 of the pr^ent inven- 
tion. FtG.4A and FIG.4B show reception directivity of an adaptive array antenna receiver. FIG.5A and FIG.5B show 
directivity patterns of new weighting coefficients in the t>ase station apparatus shewn in F KB. 3. 
[0023] EmtxxJiment 1 is explained using FIG.3. By way of example, a case where the number of antennas of the base 

45 station apparatus is 3 is explained. Signals received through antennas 101 to 103 are amplified, frequency-converted 
and then A/D-converted by radio reception circuit 104 and t>aseband signals or IF signals are extracted. 
[0024] These stgnais are sent to timing detection section 1 05. The timing detection section calculates optimal recep- 
tion timing. The optimal reception timing is calculated, for exanple, by emt>eddir>g a pattern known to the transmitter 
arKi receiver in a frame, transmitting it from the transmitter, A/D-converting it for a time period several to over ten times 

so a one-symbol time by the receiver, can-ying out con-elation with the known symbol and detecting timing to at which great 
poAfer results from the correlation operation. 

[0025] This timing tO is sent to dedmatton sections 106 to 108. In the decimation sections the received signals with 
timing tO are sent to adaptive array antenna receiver 109. The adaptive array antenna receiver combines the received 
signals of the three antennas in such a way that the desired wave or SIR reaches a maximum value. Furthennore. the 
55 adaptive array antenna receiver outputs the combir^tion result and weighting coefficient. This weighting coefficient 
forms reception directivity. Examples of reception directivity are shown in FIQ.4A and F1Q.4B. 
[0026] Filter formation section 1 10 estimates the incoming direction of a desired wave from the reception weighting 
coefficient and cak:ulates and outputs the coefficient so that directivity may be directed to a specific cfirection. These 
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coefficients indude coefficients witfi directivity in a direction witfi a greater rec^ion directivrty gain and coefficients 
necessary to calculate any directivity, etc. By the way, an example of the directivity formatian technology is described in 
"Antenna engineering handtxxik' (pp.200 - 205. published by Ohmsha. Ltd. on October 30, 1980). When simply 
focused on N antennas placed rectilinearly at regular intervals (d), directivity can be expressed as shown in expressions 
(1) to (3) below: 

E[u) - X 'n expOw) (1) 

" S /„ exp(-/rifr<ycose)expC/r7/fdcose) 
N-^ 

= 5^ /„ expC/n/crf cose) 

u - /fd(oose - cose o) (2) 



/„ = /„exp(-yn/cdcosOo) (3) 

20 

[0027] Where. In' Is a cun-ent given to the nth antenna (a complex number which has amplitude and phase); k: number 
of radio waves; 60: direction to wfich directivity is to be direct^; 6: variable to describe directivity For the sake of sim- 
plicity, suppose that In is in-phase and of a same amplitude, that is, ln«i.o. Giving exp(-jnkdcos60] to each antenna 

25 allows directivity to t>e directed toward eo. From this, it is obvious that in order to calculate a filter coefficient which will 
have cfirectivity in a specific direction, it is not always necessary to determine it only t>ased on the direction of the incom> 
ing desir^ wave estimated from the reception weighting coefficient, but it is also possble to determine it using advance 
infomiation such as positional infbnmation of the self station and interference station and transmission environment. 
[0028] Weighting coeffk:ient operatbn sections (W) 111 and 1 12 calculate new weighting coefficients by multiplying 

30 directivity obtained from the weighting coefficients from the adaptive anay antenna receiver and the filter coefficient, 
respectively. FIG.SA shows that a new weighting coefficient with directivity pattem 303 is obtained by multiplying recep- 
tion directivity pattern 301 of the weigfiting coefficient through adaptive array reception by directivity filter coefficient 
302. FIQ.5B also shows that a new weighting coefficient with directivrty pattern 306 is obtained by multiplying receptk)n 
directivity pattern 304 of the weighting coefficient through adaptive array reception by directivity filter co^ident 305. 

3S [0029] The ak>ove example shows a case where a weighting coefficient with a new directivity pattern is calculated by 
nujttiplying a reception directivity pattern by a directivity filter coeff k;ient However, there are also other examples of the 
directivity fornnatlon technotogy such as the method described in "Adaptive zone configuration using a circular 8-ele- 
ment anay antenna" by Kanazawa and Iwama, et al. (TECHNICAL REPORT OF lEICE RCS^9&-148, 1997-02). That is, 
one is an analytical technkiue using Fourier series expansion and the other is a technique for obtaining an optimal solu- 

40 tion using a least-square estin^tion algorithm. When such a directivity formation algorithm is used, filter fomiation sec- 
tion 110 estimates the direction of each k^e and null point from the reception weighting coeff k;ient and cak;ulates and 
outputs a coefficient necessary to create directivity (lobe) in a pacific direction. Weighting coefficient operation sec- 
tions 111 and 112 calculate new weighting coefficients from the directivity fornr^tion algorithm using the directivity 
obtained from the weighting coefficient from the adaptive array antenna receiver smd the above coefficient. 

45 [0030] In the base station apparatus shown in FIG.3, sum-of-products cak:ulators (S-P calculator] 113 and 114 obtain 
8um-of-products of the received signal and weighting coeff k;ient at)Ove. This means that array reception of the received 
signal is performed with two new directivity patterns. Level detection sections 115 and 116 measure the receptksn 
power of the desired signal of the received signals combined by the array antenna. Selector 117 selects a weighting 
coeffident with a greater receptk)n level of the desired wave detected. Here, two new weigfiting coeff kaents are calcu- 

50 lated, conpared and selected. It goes without saying, however, that this numt>er can be detennlned according to the 
number of array antennas, transmission environment and hardware scale. 

[0031 ] Furthernfwre. when the selector has selected a plurality of weighting coefficients, it is also possit)le to oomt>ine 
those weigfiting coeffidents. That is, it is poss3>le to combine a plurality of directivity patterns and use that combined 
directivity pattern. The same applies to the embodiments tfiat follow. 
55 [0032] An example of calculating the reception power of the desired wave is described in "f^easuring reception SIR 
in DS-CDMA transmission power control using pk)t symbol" by Kiyoo and Yasumoto, et al. (TECHNICAL REPORT OF 
lEICE, RCS96-74, 1996-08). That is, the receptkin power of the desired wave can be expressed in expression (4) 
below. 
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5 [0033] Where. S is rec^3tion power of the desired wave; N: number of symbols in the measuring section; Ri: reception 
symbol after quadrant detection in complex r^nation. 

[0034] As shown above, a weighting coefficient with a new directivity pattern is calculated from the weighting co^i- 
cients of the received signals combined by the adaptive array antenna and the weighting coefficient corresponding to 
the maximum reception power of the desired wave is selected as the weighting coefficient for transmission, which gives 
TO the following effect: 

(1) This method identifies the direction of the incorrang desired wave, in other words, K selects from among the 
directions possibly containing the desired wave the one that is sure to contain the desired wave and carries out 
transmission focused on the direction oon^esponding to the maximum reception power of the desired wave, which 
IS makes it possible to improve the reception power of the desired wave of the communication counterpart (terminal). 
This allows communications with optimal directivity. 

(Embodinr>erTt 2) 

20 10035] The radio communication method or base station apparatus according to Embodiment 1 canries out transmis- 
sion using directivity con-esporKfing to the maximum reception power of the desired wave. However, if the SIR of the 
received signal from the direction corresponding to the maximum power of the desired wave is inferior to SIRs in non- 
selected directions, the reception power of the desired wave of the comnrunication counterpart (terminal) may be 
improved. txJt the reception SIR may deteriorate, which will deteriorate the line quality. Moreover, transmission with the 

2s same power in directions with inferior SIR can cause strong interference with other stations. 

[0036] Therefore, EmiDodiment 2 is intended to improve the SI R of the communication counterpart (terminal) and at 
the same time reduce interference with other stations by canrying out trananission with directivity corresponding to the 
maximum reception SIR. 

[0037] The conftguration of the base station apparatus according to Embodiment 2 of the present invention is the 
30 same as thai shown in FtQ.3. FIQ.3 is therefore used to explain Embodiment 2. By way of example, a case where the 
nurrtser of t>a8e station apparatus antennas is 3 is explained. Processing of up to weighting coefficient calculators 111 
and 11 2 is the same as that in Embodiment 1 , and its explanation is therefore onrtitted. 

[0038] In FIG.3, sum-of-products calculators 1 1 3 and 114 ot^tain sum-of-products of the received signals and weight- 
ing coefficients. This means that array reception of the received signals is performed with two new directivity patterns. 
35 Level detection sections 115 and 116 measure the reception power of the desired signal of the received signals com- 
bined by the array antenna. Selector 1 1 7 selects the weighting coefficient con'esponding to the greater reception SIR 
detected. Here, two new weighting coefficients are calculated, compared and selected. It goes without saying, however, 
that this number can be determined according to the number of array antennas, transmission environment and hard- 
ware scale. 

40 [0039] An example of calculating the reception power of the desired wave is descrit>ed in "Measuring reception SIR 
in DS-CDMA transmission power control using pilot symbol" by Kiyoo and Yasumoto, et al. (TECHNICAL REPORT OF 
IE ICE. RCS96-74. 1996-08). That is. the reception power of the desired wave can be expressed in expression (4) and 
the interference power can be expressed in expression (5) below. The reception SIR can be obtained from expression 



[0040] Where, S is the reception power of the desired wave; N: number of symbols in the measuring section; Ri: 
reception symbol in complex notation after quadrant detection. I is the interference power, NP: number of pilot symbols 
55 which are known symbols; RAV: average in the pilot section of Ri. 

[0041] As shown above, a weighting coefficient with a new directivity pattern is calculated from the weighting coeffi- 
cients of the received agnals confined by the adaptive array antenna and the weighting coefficient corresponding to 
the maximum reception SIR is selected as the weighting coefficient for transmission, which gives the following effect: 



(6). 
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(1) Transmission focused on the direction with an optimal SIR makes it possible to reduce interference with other 
stations, improving the utilization effictency of radio spectrum. 

(Embodiment 3) 

5 

[0042] The radio communication methods or base station apparatuses according to EmtxxJiment 1 and Enixxjiment 
2 cany out transmission using directivity con^esponding to the maximum reception power of the desired wave or recep- 
tion SIR. However, wh^ selected wHh the power of the desired wave, although the reception power of the desired wave 
of the communication counterpart (terminal) is Improv^j. the reception SIR may deteriorate and there may be strong 
10 InterfererKe with other stations. On the other hand, when selected with the reception SIR, although the reception SIR 
of the communication counterpart (terminal) is improved and interference with other stations can be reduced, the recep- 
tion power of the desired wave is reduced on the contrary, increasing the probability of deteriorating the line quality in 
terms of SNR (Signal to Noise Ratio). 

[0043] Therefore, Embodiment 3 is intended to improve the SIR of the communication counterpart (terminal), reduce 
15 Interference with other stations and at the same time improve the reception power of the desired wave by carrying out 
transmission after selecting directivity from the tx)th results of the rec^tion power of the desired wave and reception 
SIR. 

[0044] The configuration of the base station apparatus according to Emtxxiiment 3 of the present invention is the 
same as that shown in FIG.3. FIG.3 is therefore used to explain Embodiment 3. In FIG.3, sum-of-products calculators 

20 113 and 114 are the same as those In Emtxxliment 1 in processing of up to canying out sum-of-products of the 
received signals and weighting coefficients. Level detection sections 1 15 and 1 16 measure the reception power of the 
desired signal of the received signals combined t>y the array antenna and reception SIR. Selector 1 17 selects a weight- 
ing coefficient from the results of the reception power of the desired wave and reception SIR. Suppose that the recep- 
tion power of the desired wave and reception SIR calculated by level detection section 115 are Si and SIR1. 

25 respectively, and the reception power of the desired wave and reception SIR calculated by level detection section 116 
are S2 and SIR2, respectively. Also suppose that tiie weighting coefficients are W1 and W2 and the weighting coeffi- 
cient to be selected is Wbut. 

[0045] One possible example of selection ts shown below, where S threshold is a threshold for the reception power. 

30 H |S1 -S2| ^ S threshold and S1R1 > SIR2 then out=W1 
if |S1 -S2| s S threshold and SIR1 ^ SIR2 then out«W2 

rf |S1 -S2| > S threshold and S1 > S2 then out=W1 

if |S1-S2| > S threshold and SI < S2 then out=:W2 

35 [0046] Here, two new weighting coefficients are calculated, compared and selected. It goes without saying, however, 
that this number can be determined according to the number of an-ay antennas, transmission environment and hard- 
ware scale. 

[0047] As shown above, a weighting coefficient with a rtew directivity pattern is calculated from the weighting coeffi- 
cients of the received signals combined by the adaptive array antenna and is selected from the results of the reception 
40 power of the desired wave and the reception power SIR as the weighting coefficient for transmission, which gives the 
following effects: 

(1) If there is no significant difference in the reception power of tfie desired wave, transmission focused on the direc- 
tion with an optimal SIR makes it possible to reduce interference witii other stations, improving the utilization effi- 

45 ciency of radio spectrum. 

(2) If there is a significant difference in the reception power of the desired wave, transmission focused on the direc- 
tion corresponding to the maximum reception power of the desired wave allows improvemerrts of the reception 
power of the desired wave of the communication counterpart (terminal). 

so (Embodiment 4) 

[0048] The radio comntunication method or base station apparatus according to Embodiment 3 carries out transmis- 
sion by selecting optimal directivity from the reception power of the desired wave and recejption SIR. However, if there 
is a conaderable dfference between the comparison result by the power of the desired wave and the comparison result 
55 t}y the reception SIR. for example, sifspose: 

|S1-S2|>S threshold and Si > S2 and |S1R1-SIR2| > SIR threshold and S1R1 <S1R2. 



7 



I 



EP 0 948 145 A2 



10 



IS 



30 



[00491 Where. S threshold ie a threshold value for the reception power and SIR threshold is a threshold value for SIR. 
[0050] At this time. ¥vhen selected with the power of the desired wave, although the reception power of the desired 
wave of the communication counterpart (terminal) is improved, the reception SIR may greatly deteriorate and there may 
be strong interference with other stations. On the other hand, when selected with the reception SIR. although the recep- 
tion SIR of the communication counterpart (terminal) is improved and interference with other stations can be reduced, 
the reception power of the desired wave is greatly reduced, deteriorating the line quality. 

[0051 ] Therefore, Embodiment 4, by adding a coeff ictent with the same directivity pattem as the reception directivity 
as a weighting coefficient candidate to be selected, is intended to select appropriate directivity from ttie results of both 
the reception power of the desired wave and reception SIR according to variations in the transmission environment, 
etc., improve the SIR of the communication counterpart (terminal), reduce interference with other stations and at the 
same time improve the reception power of the desired wave. 

[0052] FIG.6 is a block diagram showing a base station apparatus according to Embodiment 4 of the preserrt inven- 
tion. In FIQ.6, the same parts as those in FIQ.3 are numt>ered identically arKi their explanations are omitted. The base 
station apparatus shown in FiQ.6 oomprises level detector 401 that performs level detection of the received signal from 
adaptive array antenna receiver 1 09. Processing of up to weigtrting coefficient calculators 111 and 1 1 2 is the same as 
that In Embodiment 1 and their explanations are omitted. 

[0053] In FIG.6. sum-of*products calculators 113 and 114 ot>tajn sum-ofi^roducts of the receh^ signals and weight- 
ing coefficients above. This means that array reception of the received signal is performed with two new directivity pat- 
terns. Level detection sections 115 and 116 measure the reception power of the desired signal of the received signal 
and reception SIR of the received signals combined by the array antenna On the otiier hand, level detection section 
401 measures the reception power of the desired signal and reception SIR of the received signals combined by tiie 
array antenna. 

[0054] Selector 117 selects a weighting coefficient from the results of the reception power of the desired wave and 
reception SIR. Suppose that tiie reception power of the desired wave and reception SIR calculated by level detection 
section 401 are SO and SIRO. respectively, and the reception power of the desired wave and reception SIR calculated 
by level detection section 1 15 are SI and SIR1 , and the reception power of the desired wave and reception SIR calcu- 
late by level detection section 116areS2arxj SI R2. Also suppose that the weighting coefficients are WO. W1 and W2 
and the weighting coefficient to l^e selected is WouL 

[0055] One possible example of selection is shown below. Where. S threshold is a threshold for the reception power 
and SIR threshold is a threshold for SIR. 



as 



40 



4S 



SO 



if I S1-S2 I ^ S threshold and S I Rl>S T R2 
if I S1-S2 I g S threshold and S I Rl^S 1 R2 



ther\ out=Wl 
then out=W2 



and 1SIR1-SIR2|^SIR 



then Wout==Wl 
then Wout-W2 



SIR1-SIR2|>SIR 



if IS1-S2I > S threshold 
threshold { 

if S1>S2 

if SKS2 

) 

if 1S1-S2I > S threshold and 

threshold { 

if S1>S2 and S I Rl>S I R2then Wout=Wl 
if SKS2 and S I RKS I R2then Wout=W2 
if S1>S2 and S I RKS I R2then Wout=WO 
if SKS2 and S I Rl>S I R 2 then Wout=WO 

1 



[0056] Here, two new weighting coefficients are calculated, compared and seized, it goes without saying, however, 
that this number can be determined according to the number of anay antennas, transmission environment and hard- 
ware scale. 
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[0057] As shown above, a weighting coefficient with a new directivity pattern is calculated from the weighting coeff i- 
dents of the received signals conrriained by the adaptive an^ antenna and is selected from the results of the reception 
power of the desired wave and the reception power SIR as the weighting coefficient for transmission, which gives the 
following effects: 

5 

(1) If there is no significant difference in the reception power of the desired wave, transmission focused on the direc- 
tion with an optimal SIR makes it possible to reduce interference with other stations, improving the utilization effi- 
ciency of radio spectrum. 

(2) If there is a significant difference in the reception power of the desired wave k)ut there is no significant (Terence 
10 In the SIR, transmission focused on the direction oon^esporxJing to the maximum reception power of the desired 

wave allows improvements of the reception power of the desired wave of the communication counterpart (terminal). 

(3) If there is a significant difference in both the reception power of the desired wave and SIR, and if the large/small 
tendency is consistent between the reception power of the desired wave and SIR, transmission is earned out 
focused on the direction con-esporxllng to the maximum reception power of the desired wave and if it is not oonslst- 

15 ent transmission is carried out with tiie same directivity pattern as the reception directivity, which win prevent either 
the reception power of the desired wave or SIR from extremely deteriorating. 

(Embodiment 5) 

20 [0058] TTie radio communication methods or base station apparatuses according to Emisodimenis 1 to 4 can'y out 
transmission t)y selecting optimal directivity from the reception power of the desired wave and reception SIR. At this 
time, only one weighting coefficient is selected in the we^hting coefficient selector. 

[0059] When selecting the optimal directivity from the reception power of the desired wave and reception SIR. it is 
however not necessary to limit the directivity to only one incoming direction, but it would rather be preferat^e to select 
25 a weighting coefficient with directivity in a plurality of directions. Naturally, tiie drectivity determined by the one weight- 
ing coefficient selected above can also t>e directed in a plurality of directions, with Hs weighting coefficient not neces- 
sarily limited to a specific one direction. 

[0060] However, cornparing/selecting directivity by also considering a coefficient witii directivity in a plurality of direc- 
tions ratiier than comparing/selecting new directivity in only one direction would increase the number of candidate 

30 weighting coefficients to be compared, resulting in an enornrK)us scale of operations. For example, when the nuntber of 
antennas is 4 and there are 3 null points with respect to the directivity of the weighting coefficient obtained through 
adaptive array reception, if new directivity is limited to one direction, an optimal coefficient is selected by calculating 3 
new weighting coefficients and detecting and comparing levels upon each an^ay reception. On the other hand, if two 
directions are made available ratiier tiian limiting new directivity to only one direction. 3 combinations (3C2 = 3) of coef- 

35 ficients wilt t>e additionally required and a total of 6 weighting coefficients need to be compared and selected. 

[0061] Therefore. Embodiment 5 does not limit the numt^er of weighting coefficients to be selected to 1. but allows a 
plurality off weighting coefficients to be selected and makes it possible to calculate a weighting coefficient witii directivity 
contbined from directivity patterns of a plurality of weighting coefficients selected. In this way. new directivity is com- 
pared limited to one direction and if more tiian one candidate is selected, a series of calculations above (calculation of 

40 weighting coefficient/array reception operation and level detectiorVcomparison) can be reduced by calculating a weight- 
ing coefficient with combined directivity. The aforementioned example applies to a case where 3 new weighting coeffi- 
cients limited to one direction are calculated and when 2 of tiie results of level detection are selected.' weighting 
coefficients with directivity in the two directions are calculated and output. 

[0(^2] FIG.7 is a block diagram showing a base station apparatus according to Emt>odiment 5 of tiie present inven- 
45 tion. Embodiment 5 is explained with reference to FIG.7. By way of example, a case where tiie number of antennas of 
the base station apparatus is 5 is explained. Signals received through antennas 501 to 504 are amprified. frequency- 
converted and then A/D-converted by racBo reception circuit(RRC) 505 and baseband signals or IF signals are 
extracted. These signals are sent to timing detection section 506. The timing detection section calculates optimal recep- 
tion timing. The optimal reception timing is calculated as described Bbave. The reception directivity at this time is shown 
50 in FIG.8A. The operations of decimation sections 507 to 510. adaptive anay antenna receiver(AAA) 51 1 and filter for- 
mation section 512 are the same as those in Embodiment 1 . 

[0063] W^ghting coefficient calciJators 513 to 515 calculate new weighting coefficients by multiplying directivity 
obtained from the weighting coefficient from tfie adaptive array antenna receiver and filter coefficient, respectively. 
F1G.8A shows that a new weighting coefficient with 3 kinds of directivity is obtained by multiplying reception directivity 
55 pattern 601 through adaptive array reception by directivity fitter coefficients 602 to 604. 

[0064] The above example shows a case where a weighting coefficient with a new directivity pattern is calculated by 
multiplying a reception directivity pattern by a directivity filter coeff ident However, there are also other examples of the 
directivity formation technology such as the metiiod descrbed in "Adaptive zone configuration using a circular 8-ele- 
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merrt array arrtenna" by Kanazawa and Iwama, et al, (TECHNICAL REPORT OF lEiCE RCS-96-148. 1997-02). 
[0065] TTiat is. one is an analytical technique using F=burier series expansion ard the other is a technique for obtaining 
an optiniat solution using a least-square estimation algorithm. When such a drectivity formation algorithm is used, filter 
formation section 512 estimates the direction of each lobe and null point from the reception weighting coefficient and 

5 calculates and outputs a coefficient necessary to create directivity (lobe) in a specific direction. Weighting coefficient 
operation sections 513 to 51 5 calculate new weighting coefficients by the directivity formation algorithm using the direc- 
tivity olMained from the weighting coefficient through the adaptive an^ay antenna receiver and the atx>ve coefficient. 
[0066] In FIQ.7, sum-of-products calculators 51 6 to 51 8 obtain sum-of-products of the received signals and weighting 
coefficients at)ove. This means that array reception of the received signal Is performed with three new directivity pat- 

10 terns. Level detection sections 519 to 521 measure the reception power of the desired signal of the received signals 
combined by the an^ay antenna and reception SIR. 

[0087] Selector 522 selects a weighting coefficient from the results of the reception power of the desired wave and 
reception SIR. Here, suppose two weighting coefficients, not one, have been selected. As for the number of weighting 
coefficients to be selected, it is possible to set a high limit and select a value from the results of the reception power of 
IS the desired wave above and reception SIR v^in the range. At this time, weighting coeff icient operation section 523 cal- 
culates and outputs a weighting coefficient with directivity combined from that of the two selected weighting coefficients. 
For example, as shown in FIG.8B, directivity pattems 605 and 606 of the two selected directions of the three directivity 
patterns shown in FIQ.8A are combined into directivity pattern 607 and a weighting coefficient having this directivity pat- 
tern 607 is calculated. 

20 [0068] The in>plementation shown in F1G.7 is furtiier provided with weighting coefficient operation section 523 as a 
section for calculating directivity patterns of the selected two weighting coefficients and weighting coefficients having 
the directivity combined from those directivity pattems. However, the atx>ve calculations can also be perfbrmed without 
providing any additfonal configuration section. 

[0089] FIG.9 shows a configuration example. In FIG.9. the operation of up to selector 522 is the same as that in FIG. 7. 

25 Therefore, the operations of sections after selector 522 are explained. That is. selector 522 selects a weighting coeffi- 
cient from the resuKs of the reception power of the desired wave and reception SIR. At this time, suppose that two coef- 
ficients have been selected as in the case of FIQ.7. As for the number of weighting coefficient to be selected, it is 
possil3le to set a Ngh limit and select a value from the results of the reception power of the desired wave above and 
reception SIR within the range. 

30 [0070] At this time, if more than one weighting coefficient is selected, filter formation section 51 2 calculates and out- 
puts a coefficient necessary to calculate a filter coefficient which combines the previous two directivity patterns or 
weighting coefficient having the combined directivity based on the selection information signal. Then, weighting coeffi- 
cient operation section 513, for exanple, calculates a new weighting coefficient using the cfrectivity obtained from the 
weighting coefficient by the adaptive array antenna receiver and the coefficient atx>ve, and outputs it through selector 

35 522. 

[0071 ] Here, three new weighting ooeff idents are calculated, compared and selected. It goes without saying, however, 
that tills mjmber can be determined according to the number of array antennas, transmission environment and hard- 
ware scale. The l^el detection circuit measures the reception power of the desired wave and reception SIR. but it is 
obvious that ft is possible to measure either one and select the weighting coefficient based on the measurement result. 

40 [0072] As shown above, a weighting coefficient with a new directivity pattern is calculated from the weighting coeffi- 
cients of the received signals combined by the adaptive array antenna and more than one weighting coefficient is made 
availatsle from the results of tiie reception power of tiie desired wave and reception SIR without limiting the number of 
weighting coefficients to be selected for transmission to 1, and if more than one weighting coefficient is selected, it is 
allowed to calculate a weighting coefficient with directivity combining their respective directivity pattems. which gives 

45 the following effects: 

(1) It is possit3le to carry out transmission witti optimal directivity based on the reception power of tiie desired wave 
and reception SIR. 

(2) With comparison limited to one direction and calculations of a weighting coefficient with combined directivity 
50 when tiiere is more than one selected candidate, it is possit>le to reduce operations such as calculations of a 

weighting coefficient, array reception operation, level detection and comparison. 

(Embodiment 6) 

55 [0073] FIG.10 is a tdock diagram showing a base station apparatus according to Emtxxjiment 6 of the present inven- 
tion. Embodiment 6 is explained using FIQ.10. In FIQ.10, the same parts as those in FIQ.3 are numbered identically 
and their explanations are omitted. By way of example, a case where the number of antennas of the base station appa- 
ratus is 3 is explained. 
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[0074] Signals received through antennas 1 01 to 1 03 are amplified, frequency-converted and then A/D-converted by 
radb reception circuit 104 and {baseband signals or IF signals are extracted. These signals are despread using the 
same ^reading codes as those used for spreading according to a spread spectrum communication system by corre- 
lators (or matched filters) 801 to 803. The despread signals are sent to timing detection section 105. The processing 
5 from timing detection section 105 onmrd is the same as that in Emtxxiiment 1 and is therefore omitted. 

[0075] Thus, in the communication apparatus based on the spread spectrum system, a weighting coefficient with a 
new directivity pattern is calculated from the weighting coefficients of the received signals combined In the adaptive 
array antenna and the one corresponding to the maximum reception power of the desired wave is selected as the 
weighting coefficient for transmission, which gives the following effect: 

10 

(1) Transmission focused on the direction corresponding to the maximum reception power of the desired wave 
makes it p06Sit>le to improve the reception power of tiie desired wave of the communication counterpart (terminal). 

(Embodiment 7) 

15 

[0076] The cortfiguration of a base station apparatus according to Embodiment 7 of the present invention is virtually 
the same as tiiat shown in FIG.10. Therefore, Embodiment 7 is explained using FIG.10. In FIG.10, tiie operations of up 
to sunvof-products calculators 113 and 1 14 which obtain sum-<7f-products of the received signals and weighting coeffi- 
cients above are the same as those in Emtxx:liment 6. Le^el detection sections 1 1 5 and 1 1 6 measure the reception SIR 
20 of tiie received signals combined by the array antenna and selector 117 selects the weighting coefficient witii the 
greater reception SIR detected. 

[0077] Here, two new weighting coefficients are calculated, compared and selected. It goes without saying, however, 
that this number can be determined ^xx)rding to the number of array antennas, transmission environment and hard- 
ware scale. The method of calculating tiie reception power of the desired wave and reception SIR is the same as that 
25 in Embodiment 2. and thus their explar^tion is omrtt^. 

[0078] As shown above, in the communication apparatus based on the spread spectrum system, a weighting coeffi- 
cient with a new directivity pattern is calculated from the weighting coefficients of the received signals combined by the 
adaptive anray antenna and the one with tie maximum reception SIR is selected as the weighting coefficient for trans- 
mission, which gives the following effects: 

30 

(1) Transmission focused on the direction with an optimal SIR makes It possik^e to reduce interference with other 
stations, improving the communication quality. 

(2) The ability to reduce interference with otiier stations also contributes to increasing tiie system capacity of the 
CDf^ A system. 

S5 

(EnrtxxJiment 8) 

[0079] The radio comnrunication method or base station apparatus according to EmbocGment 6 or Embodiment 7 car- 
ries out transmission with directivity corresponding to the maximum reception power of the desired wave or maxinujm 
40 reception SIR. However, if selected witii the power of the desired wave, although the reception power of the desired 
wave of the communication counterpart (terminal) may be improved, the reception SIR may deteriorate and strong 
interference with other stations may result. 

[0080] On the other hand, if selected with the reception SIR. although the reception SIR of the communication coun- 
terpart (terminaO may be improved and interference with other stations may be r^uced. the reception power of the 
45 desired wave may be reduced on tiie contrary, which may deteriorate the line quality in terms of SNR (Signal to hJoise 
Ratio). Therefore. Embodiment 8 is intended to inpro^^e the SIR of the communteation counterpart (terminal), reduce 
interfererK:e with other stations and at the same time improve the reception power of the desired wave by carrying out 
transmission after selecting directivity from the results of both the reception power of the desired wave and reception 
SIR. 

50 [0061] The configuration of tiie base station apparatus according to Embodiment 8 of the present invention is the 
same as that in FIQ.10. Therefore, Embodiment 8 is explained using FIG.10. In FIG.10. the processing of up to sum- 
Qf-products cak:ulators 113 and 114 which oistain sum-of-products of the received signals and weighting coefficients 
above is the same as that in Embodiment 7. 

[0082] Level detectton sections 1 15 and 1 1 6 measure the reception power of the desired wave and reception SIR of 
55 the received signals combined by the array antenna and selector 117 selects a weighting coefficient from the results of 
the reception power of the desired wave and reception SIR. 

[0083] Here, two new weighting coeff k;ients are calculated, compared and selected. It goes without saying, however, 
that this nunlber can be determined according to the rumber of an^ay antennas, transmission environment and hard- 
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ware scale. 

[0084] As shown above, in the communication apparatus based on the spread spectrum system, a weighting coeffi- 
cient with a new directivity pattern Is calculated from the weighting coefficients of the received signals combined by the 
adaptive array antenna and is selected from the results of the reception power of the desired wave and reception SIR 
5 as the weighting coefficient for transmission, wNch gives the following effects: 

(1) If there is no significant difference in thie reception power of the desired wave, transmission Ibcused on the direc- 
tion with an optimal SIR makes it possit>le to reduce interference other stations, improving the utilization effi- 
ciency of radio spectaim. In the CDMA system, it can also increase the system capacity. 
10 (2) tf there is a significant difference in the reception power of the desired wave, transmission focused on the direc- 
tion corresponding to the maximum reception power of the desired wave makes it possible to Improve the reception 
power of the desired wave of the communk:ation counterpart (terminal). 

(Embodiments) 

IS 

[0085] The radio communicatton method or base station apparatus according to Embodiment 8 carries out transmis- 
sion by selecting optimal directivity from the reception power of the desired wave and reception SIR. However, a prob- 
lem occurs when there is a significant difference between the comparison result of the power of the desired wave and 
the comparison result of the reception SIR. That is, if selected with the power of the desired wave, although the recep- 
20 \km power of the desired wave of the communication counterpart (terminal) may be Improved, the reception SIR may 
greatly detertorate and strong interference with other stattons may result. 

[0086] On the other hand, if selected with the receptton SIR. although the reception SIR of the communication coun- 
terpart (terminaf) may be improved and interference with other stations may be reduced, the reception power of the 
desired >Mave may t>e greatly reduced, which may deteriorate the line quality. 

2s [0087] Therefore. Embodiment 9 Is intended to improve the SIR of the communication counterpart (terminal), reduce 
interference with other stations and at the same time improve the reception power of the desired wave by adding a 
directivity pattern with the same reception directivity as a candidate weighting coeffk;ient to be selected and carrying 
out transmission after selecting appropriate directivity from the results of both the reception power of the desired wave 
and reception SIR according to variations in the transmission environment. 

30 [0088] FIQ.1 1 is a block diagram showing a base station apparatus according to Embodiment 9 of the present inven- 
tfon. In FIG. 1 1. the same parts as ttx>se in FIG. 10 are numt>ered kJentically and their explanations are omrtt«i. Embod- 
iment 9 is explained using FIG. 11 . By way of example, a case where the number of antenrus is 3 is explained. 
[0089] The processing of up to weighting operation sections 1 1 1 and 112 is the same as that in Embodiment 6. 
[0090] In FIG.11. sum-of-products calculators 113 and 114 c^taln sunvof -products of the received signals and 

35 weighting coefficients. This means that array reception of the received signal is performed with two new directivity pat- 
terns. Level detection sections 115 and 116 nr^asure the reception power of the desired signal of the received signals 
combined by the array antenna and reception SIR. 

[0091] On the other hand, level detectkin section 401 measures the reception power of the desired sigr^ of the 
received signals combined \jy the array antenna and receptbn SIR. Selector 117 selects a weighting coeffk;ient from 
40 the results of the reception power of the desired signal and reception SIR. 

[0092] Here, two new weighting coefficients are calculated, compared and selected. It goes without saying, however, 
that this numt>er can be determined according to the number of an^ antennas, transmission environment and hard- 
ware scale. 

[0093] Thus, in the communication apparatus based on the spread spectrum system, a weighting ooeff toient with a 
45 new directivity pattern is calculated from the weighting coefficients of the received signals combined by the adaptive 
array antenna and is selected from the results of the reception power of the desired wave and receptkvi SIR as the 
weighting coeff teient for transntission, whk:h gives the follGwing effM: 

(1) If there is no si^if leant differerKe in the receptbn power of the desired wave, transmission focused on an opti- 
50 mal SIR allows reduction of Interference wnth other stations and effective utilization of radio spectrum. 

(2) If there is a significant difference in the reception power of the desired wave but there is no signTicant difference 
in the SIR, transmission fbcused on the direction corresponding to the maximum receptton power of the desired 
wave allows improvements of the reception power of the desired wave of the communication counterpart (terminal). 

(3) If there is a significant difference In botii tine reception power of the desired wave and SIR. and If the large/small 
55 tendency is consistent between the reception power of the desired wave and SIR, transmlssk)n is carried out 

focused on the direction corresponding to the maximum reception power of the desired wave and if it is not consist- 
ent, transmission is carried out with the same directivity pattern as the reception directivity, which will prevent either 
the receptton power of the desired wave or SIR from extremely deteriorating. 
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(Embodiment 10} 

[0094] FIG. 1 2 is a block diagram showing a base station apparatus according to Embodiment 1 0 of the present inven- 
tion. FIG.13 shows an example of transmission model during transmission. FIG. 14 shows an example of transmission 

5 directivity during transmission. Embodiment 10 is explained using FIG.12. 

[0095] First the receiving side is eocplained. By way of example, a case where the number of antennas of the base 
station apparatus is 3 Is explained. Signals received through antennas 101 to 103 pass through antenna sharing 
devices 1001 to 1003 and are anplified, frequency-converted and then A/D-converted by radio reception drcurt 104 
and basek)and signals or IF signals are extracted. These signals are sent to fining detection section 105. The timing 

10 detection section calculates optimal reception timing. The method for calculating the optimal reception timing is the 
same as that in Embodiment 1 . The processing of up to weighting coefficient operation sections 111 and 1 1 2 is the 
same as that in Embodiment 1 . 

[0096] In FIQ.12, sum-of-products calculators 113 and 114 obtain sum-of-products of the received signals and 
weighting ooefTicients. This means that array reception of the received signal Is performed with two new directivity pat- 
15 terns. Level detection sections 115 and 116 measure the reception power of the desired signal of the received signals 
combined by the array antenna arxl reception SIR. Selector 1 17 selects a weighting coefficient from the results of the 
reception power of the desired signal and reception SIR. 

[0097] Suppose ttet the reception power of the desired wave and reception SIR calculated by level detection section 
1 15 are SI and SIRI . respectively, and the reception power of the desired wave avd reception SIR calculated by level 
20 detection section 1 1 6 are S2 and SI R2. respectively. Also suppose that the weighting coefficients are W1 and W2 and 
the weighting coefflcient to be selected is Wout. One possible example of selection is shown below, where S threshold 
is a threshold for the reception power. 

if IS1-S2I s S threshold and SIRI > SIR2 then out=W1 
25 if |S1 -S2| ^ S threshold and SIRI ^ SIR2 then out=W2 
H |S1 -S2| > S threshold and SI > S2 then out=W1 
if |S1 -S2| > S threshold and SI < S2 then out»W2 

> [0098] In the example above, the weighting coefficient is selected from the results of the reception power of the 
30 desired wave and reception SIR, but it is otsvious as in the case of Embodiments 1 and 2 that the weighting coefficient 
can be selected from the results of the reception power of the deared wave or reception SIR. Here, two new weighting 
coefficients are calculated, compared and selected. It goes without saying, however, that this number can be deter- 
mined according to the number of array antennas, transmission environment and hardware scale. Moreover, the exam- 
ple of the method of calculating the reception power of the desired wave and reception SIR is the same as that in the 
35 emtxxjimerrt atx>ve. 

[0099] Then, the transmitting side is explained. A transmission signal is nrxxlulated by modulator 1004. Sum-of-prod- 
ucts calculator 1005 nuttiplies the signal by the weighting coefficient selected by selector 1 17. The multiplication result 
is frequency-converted and amplified by radio transmission circuit 1006. passed through antenna sharing devices 1001 
to 1003 and transmitted from antennas' 101 to 103. 
40 [0100] FIG.13 shows an example of transmisaon model during transmission. FIG. 14 shows an example of transmis- 
sion directivity at that time. A signal controlled with a selected weighting coefficient in base station 1 101 is transmitted 
with directivity in the direction shown by anrow 1201 , in^espective of building 1 107 and mountain 1 106 and received by 
antenna 1 105 of terminal 1 106. 

[0101 ] Thus, a weighting coefficient with a new directivity pattern is calculated from the weighting coefficients of tHe 
45 received signals combined by the adaptive an^y antenna and is selected from the results of the reception power of the 
desired wave and the reception power SIR as the weighting coefficient tor transmission, which gives the following 
efffocts: 

(1) If there is no significant difference in the reception power of the desired wave, transmission focused on the direc- 
50 ton with an optimal SIR makes it possik^le to reduce interference with other stations, improving the utilization effi- 
ciency of radio spectrum. 

(2) If there is a significant difference in the reception power of the desired wave, transmission focused on the direc- 
tion corresponding to the maxinum reception power of the desired wave allows improvements of the reception 
power of the desired wave of the communication counterpart (termlnaO. 

55 

(Enrtbodiment 1 1) 

[0102] FIG.15 is a block diagram showing a base station apparatus according to Embodiment 1 1 of the present inven- 
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tion. Embodiment 11 is explained using F1G.1 5. The same parts as in those FIG.12 are numbered identically arxi their 
explanations are omitted. 

[01 03] First, the receiving side is explained. The processing of up to sum-of-products 113 and 1 1 4 is the same as that 
in Embodiment 10. In FIG. 15. sum-of-products calculators 113 and 114 obtain sunvof-products of the received signals 

5 and weighting coefficients. This means that array reception of the received signal is performed with two new directivity 
patterns. Level detection sections 1 15 and 1 16 measure the reception power of the desired signal of the received sig- 
nals combined by the array arrterma and reception SIR. On the other hand, level detection section 401 measures the 
reception power of the desired signal of the received signals combing by the array antenna and reception SIR. 
[0104] Selector 1 1 7 selects a weighting coefficient from the results of the reception power of the desired signal emd 

10 reception SIR. Suppose that the reception power of the desired wave and reception SIR calculated by level detection 
section 401 are SO and SIRO, re^ectively, and the reception power of the desired wave and reception SIR calculated 
t>y level detection section 115 are SI and SIR1 . and the reception power of the desired wave and reception SIR calcu- 
lated by level detection section 1 16 are S2 arxl SIR2. Also suppose that the weighting coefficients are WO to W2 and 
the weighting coefficient to be selected is Wout. One possible example of selection is shown below. IHere. S threshold 

IS is a threshold fbr the reception power and SIR threshold is a threshold for SIR. 

if IS1-S2 I threshold and S 1 R1>S I R2 then out=Wl 

if I S1-S2 I S; S threshold and S I Rl^S rR2 then out=W2 
^ if IS1-S2I > S threshold and |SIR1-SIR2|^SIR 

threshold [ 

if S1>S2 then Wout=Wl 

^ if SKS2 then Wout=W2 

1 

if IS1-S2 I > S threshold and lSIRl-SIR2t>SIR 
30 threshold { 
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40 

[0105] Here, two new weighting coefficients are calculated, conrpared arxl selected. It goes without saying, however, 
that this number can be determined according to the number of anay antennas, transmission environment and hard- 
ware scale. 

10106] Then, the transmitting side is e)43lained. A transmission signal is modulated by modulator 1004. Sum-of-prod- 
45 ucts calculator 1 005 multplies the signal by the wei^ng coeffident selected by selector 117. The multiplication result 
is frequency-converted and amplified by radio trcuismission drcuit 1 006. passed tiirough antenna sharing devices 1001 
to 1003 and transmitted from antennas 101 to 103. 

[0107] Thus, a weighting coeffident with a new directivity pattern is calculated from the weighting coefficients of the 
received signals oomt^ined by the adaptive array antenna and is selected from the results of the reception power of the 
so desired wave and the reception power SIR as the weighting coefficient for transmission, which gives the following 
effects! 

(1) If there is no significant difference in the reception power of the desired wave, transmission focused on the direc- 
tion with an optimal SIB makes it possible to reduce interference with other stations, improving the utilization effi- 

55 ctency of radio spectrum. 

(2) If there is a significant difference in the reception power of the desir^ wave kxjt there is no significant cGfference 
in the SIR, transmission focused on the direction oorresponding to the maximum reception power of the desired 
wave allows improvements of the reception pow^ of the desired wave of the communication counterpart (terminaQ. 



14 



EP 0 948 145 A2 



(3) If there is a significant difference in both the reception power of the desired wave and SIR, arKi if the large/small 
tendency is consistent t>etween the reception power of the desired wave and SIR, transmission is carried out 
focused on the cfirection con-e^Donding to the n^mum reception power of the desired wave and if it is not consist- 
ent transmission is carried out with the same drectivity pattern as the reception directivity, which will prevent either 
5 the reception power of the desired wave.or SI R from extremely deteriorating. 

(Embodiment 12} 

[01 08] FIG. 1 6 is a block diagram showing a base station apparatus according to Emk^ocfiment 1 2 of the present inven* 

w tion. Embodiment 12 is explained using FIQ.16. 

[Q109] First, the receiving side is explained. By way of example, a case where the number of antennas of the base 
station apparatus is 4 is explained. Signals are received through antennas 1401 to 1 404, passed through antenna shar- 
ing devices 1405 to 1408, amplified, frequency-converted and then A/D-converted by radio reception circuit 1409 and 
baseband signals or IF signals are extracted. These signals are sent to timing detection section 1 41 0. The timing detec- 

15 tion section calculates optimal reception timing. The method of calculating the optimal reception timing is the same as 
that in the embodiment above. 

[0110] Timing tO is sent to decimation sections 1411 to 1414. In the decimation sections the received signals witii 
timing tO are sent to adaptive Euray antenna receiver 1415. The adaptive array antenna receiver oonnbines the received 
signals of the four antennas in such a way that the desired wave or SIR can reach a maxmum value. Furthermore, 
20 adaptive an^ay antenna receiver 1415 outputs the combination result and weighting coefficients. This weighting coeffi- 
cient forms reception directivity. An example of reception directivity is 601 in FIQ.8A. 

[Oil 1] Filter formation section 1416 estimates tiie incoming direction of a desired wave from the reception weighting 
coefficient and calculates arxi outputs a coefficient which has directivity in a specific direction. The directivity formation 
technique is the same as that in the embodiment above. 
55 [0112] Weighting coeff icient operation sections 1417 to 1419 calculate new weighting coefficients by multiplying the 
directivity obtained from the weighting coefficients of the adaptive array antenna receiver and filter coefficients. FIG.8A 
shows tiiat new weighting coefficients with 3 directivity pattems are obtained t)y multiplying reception directivity pattern 
601 through adaptive an^ay reception by directivity filter coefficients 602 to 604. 

[01 1 3] The above example shows a case where a weighting coefficient witii a new directivity pattern is calculated by 
30 multiplying a reception directivity pattern by a directivity filter coeff ideni However, there are also other examples of the 
directivity formation technology such as the method descrtoed in "Adaptive zone configuration using a circular 8-ele- 
ment array antenna" by Kanazawa and Iwama. et al. (TECHNICAL REPORT OF lEICE RCS-96-148. 1997-02). 
[01 14] That is, one is ah analytical technique using Fourier series expansion and the other is a technique for obtaining 
an optimal solution using a least-square estimation algorithm. When such a directivity forn^tion algorithm is us^. filter 
35 formation section 1416 estinrtates the direction of each lobe and null point from the reception weighting coefficient and 
calculates and outputs a coefficient necessary to create directivity (lobe) in a specific direction. Weighting coefficient 
operation sections 1417 to 1419 calculate new weighting coefficients by tiie directivity fbrnDation algorithm using the 
directivity obtained from the weighting coefficients through the adaptive array antenna receiver and the above coeffi- 
cients. 

40 [0115] In FIG.16, sum-of-products calculators 1420 to 1422 obtain sum-of-products of the received signals and 
weighting coefficients above. This means that an^y reception of the received signal is performed witti three new direc- 
tivity patterns. Level detection sections 1423 to 1425 measure the reception power of the desired signal of tiie received 
signals combined by ttie array antenna and reception SIR. 

[01 1 6] Selector 1426 selects a weighting coefficient from the results of the reception power of the desired wave and 
45 reception SIR. At tiiis time, suppose ti^at two weighting coefficients instead of one coefficient is selected. As for the 
number of weighting coefficients to be selected, it is possible to set a high fimit and select a value within the range from 
the results of the reception power of the desired wave atxsve and reception SIR. At this time, weighting coefficient oper- 
ation section 1427 calculates and outputs a weighting coefficient with directivity combining the directivity patterns of the 
two selected weighting coefficients. For example, as shown in FIG.8B, directivity patterns 605 and 606 of the two 
so selected directions of the three directivity pattems shown in FIG.8A are combined into directivity pattem 607 and a 
weighting coefficient having tfiis directivity pattern 607 is calculated. 

[0117] The implementation shown in FIG.16 is furtiier provided with weighting coefficient operation section 1427 as 
a section for calculating directivity patterns of the two selected weigNing coefficients and weighting coefficients having 
the directivity combining those directivity patterns. However, through the same section as that in Embodiment 5. the 
55 above calculations can also be performed without providing addrtionat configuration section. 

[01 18] Here, ttiree new weighting coefficients are calculated, compared and selected. It goes without saying, however, 
that this number can be determined according to the njmt)er of array antennas, transmission environment and hard- 
ware scale The level detection circuit measures the reception power of the desired wave and reception SIR. but it is 
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obvious that it is possible to measure either one and select the weighting coefficient based on the measurement result. 
[01 1 9] Then, the transmitting side is es^lained. A transmission signal is modulated by modulator 1 428. Sum-of-prod- 
ucts calcutator 1429 multiplies the signal by the weighting coefficient calculated by weighting coefficient calculator 
1427. The multiplication result is frequency-converted and amplified by radio transmission drcuit 1430. passed through 

5 antenna sharing devices 1405 to 1408 and transmitted from antennas 1401 to 1404. 

[0120] Thus, a weighting coefficient with a new directivity pattem is calculated from the weighting coefficients of the 
received signals combined by the adaptive array antenna and a plurality of weighting coefficients, instead of only one 
weighting coefficient, can be selected from the results of the reception power of the desired wave and the reception 
power SIR as the weighting coefficient for transmission, and if a plurality of weighting coefficients are selected, trans- 

TO mission is candied out by making it possible to calculate weightir^ coefficients with directivity combining their respective 
directivity patterns, which gives the following effects: 

(1) ADows transmission with optimal directivity from the reception power of the power of the desired wave and 
reception SIR. 

IS (2) Comparison is limited to one direction and if there is more than one candidate selected, weighting coefficients 
with combined directivity are calculated, which makes it possUe to reduce operations such as calculation of 
weighting coefficients, array reception operations, level detection and comparison, etc. 

(Embodiment 13) 

20 

[0121] FIQ.1 7 is a block diagram showing a base station apparatus according to Embodiment 13 of the present Inven- 
tion. Emtxxliment 13 is explained using FIG. 17. 

[0122] On the receiving side, the operation is the same as that in Embodiment 10 except that it includes despreading 
processing of a received signal. In the at^ove example, a weighing coefficient is selected from the results of the recep- 

25 tion power of the desired wave and reception SIR. but it is obvious that the weighting coeffiderrt can be selected from 
the results of the reception power of the desired wave and reception SIR as in the case of Embodiments 6 and 7. 
[0123] Then, the transmitting side is e)q3lained. A transrrission signal is modulated t>y modulator 1004. At this time, 
not only data nrKxlulation but also spreading modulation is carried out Sum-of^xoducts calculator 1005 multiplies the 
signal by the weighting coefficient selected by selector 117. Then, the transmitting side is explained. A trsmsmission sig- 

30 nal is modulated by modulator 1 004. Sunvof -products calculator 1005 multpRes the signal by the weighting coefftoient 
selected by selector 117. The multiplication result is fr^:|uency-converted Eind amplified t^y radfo transmission circuit 
1006. passed through antenna sharing devices 1001 to 1003 and transmitted from antennas 101 to 103. 
[0124] Thus, in the comnrunication apparatus t>a8ed on the spread spectrum system, a weighting coefficient with a 
new directivity pattern is calculated from the weighting coefficients of the received signals combined by the adaptive 

35 array antenna and is selected from the results of the reception power of the desired wave and the reception SIR as the 
weighting coefficient for transmission. whk;h gives the following effects: 

(1) If there is no significant difference in the reception power of the desired wave, transmission focused on the direc- 
tion with an optimal SIR makes it possible to reduce interference with other stations, improving the utilization effi- 

40 ctency of radio spectrum. In the CDMA system, it can also increase the system capacity. 

(2) If there is a significant difference in the reception power of the desired wave, transmission focused on the direc- 
tion con-esponding to the maximum reception power of the desired wave allows improvements of the reception 
power of the desired wave of the communfoation counterpart (terminal). 

45 (Embodiment 14] 

[0125] FIG.18 is a block diagram showing a t>ase station apparatus according to Embodiment 14 of the present inven- 
tfon. Emk3odiment 14 is explained using FIQ. 18. On the receiving side, the operation is the same as that in Embodiment 
1 1 except that it includes despreading processing of a received signal. 
so [0126] On the transmitting side, a transmission signal is modulated by modulator 1004. At this time, not only data 
modulatfon but also spreading modulation is candied out. Sum-of-products calculator 1005 multiplies the signal by the 
weighting coeffident selected by selector 117. TTie multiplication result is frequency-converted and amplified by radio 
transmission circuit 1006. passed through antenna sharing devices 1001 to 1003 and transmitted from antennas 101 
to 103. 

55 [0127] Thus, in the comnmnication apparatus tmsed on the spread spectrum system, a weighting coefficient with a 
new directivity pattern is calculated from the weighting coefficients of the received signals combined by the adaptive 
array antenna and is selected from the results of the receptfon power of the desired wave and the reception power SIR 
as the weighting coefficient for transmissfon. wNch gives the foltowing effects: 
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(1) If there is no significant difference in the reception power of the desired wave, transmission focused on the direc- 
. tion with an optimal SIR makes it possit^le to reduce interference with other stations, improving the utilization effi- 
ciency of radio spectrum. 

(2) If there is a significant difference In the reception power of the desired wave but there is no significant difference 
5 in the SIR. transmission focused on the direction oorresporxiing to the maximum reception power of the desired 

wave allows improvements of the reception power of the desired wave of the communication counterpart (terminal). 

(3) If there is a significant difference In both the reception power of the desired wave and SIR. and If the targe/^all 
tendency is oonsisterrt t)etween the reception power of the desired wave and SIR, transmission is carried out 
focused on the drection corresponding to the maximum reception power of the desired wave and if it is rK)t consist- 

10 ent transmission Is carried out with the same directivity pattern as the reception directivity, which will prevent either 
the reception power of the desired wave or SIR from extremely deteriorating. 

(Embodiment 15) 

IS [0128] Embodiment 15 is explained using FiG.12 and FIG.19. This is a communication system made up of a commu- 
nication apparatus (tsase station) with the configuration in FIG. 1 2 and another communication apparatus (terminal) with 
the configuration in FIG.19. 

[0129] First, the uplink is explained. The communication apparatus (temiinal) on its transmitting side modulates a 
transmission signal by modulator 1701. The modulated signal is frequency-converted and amplified by radio transmis- 
so sion circuit 1 702, passed through antenna sharing device 1 703 and transmitted from antenna 1 704. 

[0130] The reception in the communication apparatus (base station) with the configuration in FIQ.12 is the same as 
that explained in Emt>odiment 10. A recaved signal Is obtained through array reception by adaptive anray antenna 
receiver 109. Selector 1 1 7 selects a weighting coefficient from the results of the reception power of the desired wave 
and reception SIR. 

25 [01 31 ] Then, the downlink is e)^lajned. The comnunlcation terminal apparatus (base station) on its transmitting side 
modulates a transmission signal by modulator 1004. Sum-of-products calculator 1005 multiplies the sigral by weighting 
coefficient selected by selector 117. The multiplication result is frequency-converted and amplified by radio transmis- 
sion circuit 1006, passed through antenna sharing devices 1001 to 1003 and transmitted from antennas 101 to 103. 
[0132] On the other hand, on the terminal skle. the signal is received through antenna 1704, passed through antenna 

30 sharing device 1705, amplified, frequency-converted and A/D-converted by radio receptton circuit 1705 and baseband 
signal or IF signal is extracted. This signal is sent to timing detection section 1706. The timing detection section calcu- 
lates optimal reception timing. The optimal reception timing is calculated, for example, by emt)edding a pattern known 
to both the transmitter and receiver in a frame, tranmitting it from the transmitter, carrying out A/D conversion by the 
receiver for a period several or over ten times a one-symbol time, performing corr^ation operation with the known sym- 

35 bol and detecting timing tO at which great power results from the correlation operation. This timing tO is sent to decima- 
tion section 1707. The decimation section sends tiie received signal of timing tO to demodulator 1708. The demodulator 
demodulates and outputs the received signal. 

[0133] Thus, in the radio communication system, one communication apparatus comprises a transmission/reception 
section using an adaptive array antenna and calculates a weighting coefficient with a new directivity pattern from the 
40 weighting coefficient of the received signal corrtiined by the adaptive array antenna, selects and transmits the weighting 
coeffident from the results of the receptkin power of the desired wave and reception SIR for transmission, which gives 
the fbDowing effects: 

(1) If there is no significant difference In the reception powerof the desired wave, transmission focused on the direc- 
45 tion with an optimal SIR makes it possible to reduce interference witii other stations, improving the utilization effi- 
ciency of rado spectrum. 

(2) if there is a significant differmce in the reception power of the desired wave, transmission focused on \he direc- 
tion corresponding to the maximum reception power of the desired wave allows improvements of the reception 
power of the desired wave of the oonvnunication counterpart (terminal). 

50 

(Embodiment 16) 

[01 34] Embodiment 1 6 is explained using FIG. 1 5 and FIG. 1 9. This is a communication system made up of a commu- 
nication apparatijs (base station) with the configuration in FIG. 1 5 and another communication apparatus (terminal) with 
55 the configuration in FIG. 1 9. 

[0135] First, the uplink is explained. The communication apparatus (temiinal) on its transmitting side modulates a 
transmission signal by modulator 1701. The modulated signal is frequency-converted and amplified by radio transmis- 
sion circuit 1 702. passed through antenna sharing device 1703 and transmitted from antenna 1704. 
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10136] The reception in the communication apparatus (base station] with the configuration in FIG. 15 is the same as 
that explained in Embodment 11. A received signal is obtained through array reception adaptive array antenna 
receiver 109. Selector 117 selects a vveighting coefficient from the results of the reception power of the desired wave 
and reception SIR. 

5 10137] Then, the downlink is explained. The communication termiral apparatus (the base station) on its transmitting 
side nnodulates a transmission signal by modulator 1004. Sum-of-products calculator 1005 nuttiplies the signal by 
weighting coefficient selected by selector 117. The multiplication result is frequency-converted and ampfif led t>y radio 
transmission circuit 1006, passed through antenna sharing devices 1001 to 1003 and transmitted from antennas 101 

to 103. 

10 [01 38] On the other hand, on the terminal side, the signal is received through antenna 1 704. passed through antenna 
sharing device 1 703. amplified by radio reception circuit 1 705. frequency-converted and A/D-converted by radio recep- 
tion circuit 1705 and baset>and signal or IF signal is e)ctracted. This ^gnal is sent to timing detection section 1706. The 
timing detection section calculates optimal reception timing. The optimal reception timing is calculated, for example, by 
embedding a pattern known to both the transmitter and receiver in a frame, transmitting It from the transnitter, carrying 

IS out A/D conver^on by the receiver for a period several or over ten times a one-symt>ol time, performing correlation oper- 
ation with the known symtx)l and detecting tinning tO at which great power results from the con-elation operation. This 
timing tO is sent to decimation section 1 707. The decimation section sends the received signal of timing tO to demodu- 
lator 1708. The demodulator demodulates and outputs the received signal. 

101 39] Thus, in the radio communication system, one communication apparatus comprises a transmission/reception 
20 section using an adaptive array antenna and calculates a weighting coefficient with a new directivity pattern from the 
weighting ooeff k:ient of the received signal oonribined by the adaptive array antenna, selects and transmits the weighting 
coefficient from the results of the reception power off the desired wave and reception SIR for transmission, which gives 
the following effects: 

25 (1) If there is no significant difference in the receptnn power of the desired wave. tiBnsmission focused on ttie direc- 
tion with an optinnal SIR makes it possible to reduce interference with other stations, improving the utilization effi- 
ciency of radio spectrum. 

(2) If there is a significant difference in the reception power of the desired wave but there is no significant cfifference 
in the SIR. transmission focused on the direction corresponding to the maximum receptton power of the desired 

30 wave altows improvements of tiie reception power of the desired wave of the communication oounterpart (terminal). 

(3) If there is a significant difference in both the reception power of the desired wave and SIR. and if the large/small 
tendency is consistent between the reception pov^r of the desired wave and SIR. transmission is carried out 
focused on the direction corresponding to the maximum reception power of the desired wave and if it is not consist- 
ent, transmisston is carried out with tiie same directivity pattern as the reception directivity, which will prevent either 

35 the reception power of the desired wave or SIR from extrenrtely deteriorating. 

(Embodiment 17) 

[0140] Embodiment 17 is explained using FIG. 16 and FIG.1 9. This is a communication system made up of a commu- 
40 nication apparatus (k>ase station) with the configuration in FIQ. 1 6 and another communication apparatus (terminal) with 
the configuratwn in FIG. 19. 

[0141] Rrst the uplink is explained. The communication apparatus (terminal) on its transmitting side modulates a 
transnnission signal by nrxxjulator 1 701 . The modulated signal is frequency-converted arx^ amplified by radio transmis- 
sion circuit 1702, passed through antenna sharing device 1703 and transmitted from antenna 1704. 

45 [0142] The reception in the communicatton apparatus (base station) with the configuration in FIG. 1 6 is tiie same as 
that explained In Embodiment 12. A received signal is obtained tiirough array reception by adaptive array antenna 
receiver 1415. Selector 1 426 selects a weighting coefficient from the results of the reception power of tiie desired wave 
and reception SIR. If a plurality of weighting coefficients are selected, weighting coefficient calculator 1427 calculates 
and outputs a weghting coefficient with directivity combining directivity patterns of a plurality of weighting coefficients 

so selected. It is obvious that calculation of tiie weighting coeffcient witti combined directivity can also be execute using 
a section similar to that in Embodiment 5 wittiout providing an additional configuration section. 
[0143] Then, the downfink is explained. The communication apparatus of the base station on its transmitting skle 
modulates a transmission signal by modulator 1 428. Sum-of-products calculator 1429 multiplies the signal by weighting 
coefficient calculated by weighting coefficient calculator 1427. The multiplication result is frequency-converted and 

55 amplif ied kDy radio transmission drcuit 1430. passed ttirough antenna sharing devices 1405 to 1408 and transnnitted 
from antennas 1401 to 1404. 

[0144] On the other hand, on the terminal side, the signal is received through antenna 1 704, passed through antenna 
sharing device 1703, amplified, frequency-converted and A/D-converted by radio reception circuit 1705 and baseband 
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signal or IF signal is extracted. This signal is sent to timing detection section 1706. The timing detection section calcu- 
lates optimal reception timing. The optimal reception tinring is calculated, for example, by embedding a pattern known 
to both the transmitter and receiver in a frame, transmitting K from the transmitter, carrying out A/D conversion by the 
receiver for a period several or over ten times a one-symbol time, performing correlation operation with the known sym- 
5 bol and detecting timing tO at which great power results from the congelation operation. This timing tO is sent to decima- 
tion section 1 707. The decimation section sends the received signal of timing tO to demodulator 1 708. The demodulator 
demodulates and outputs the received signal. 

[0145] Thus, in the radio communication system, one communication apparatus comprises a fransmission/receptk)n 
sectton using an adaptive array antenna and calculates a weighting coefficient with a new directivity pattern from the 

10 weighting coefficient of the received signal confined by the adaptive array antenna, selects and transmits the weighting 
coefficient from the results of the reception power of the desired wave and reception SIR for transmission without limit- 
ing the number of weighting coefficients to be selected for fransmission to only one. but making it possible to select a 
plurality of weighting coefficients and if a plurality of weighting coefficients are selected transnnisskin is carried out by 
making it possible to calculate weighting coefficients with directivity combining their respective directivity patterns. 

IS which gives the following effects: 

(1) Allows transmisskjn with optimal directivity based on the reception power of the pow^ of tfie desired wave and 
reception SIR. 

(2) Conrparison is limited to one direction and if there is more than one candidate selected, weighting coefficients 
20 with combined directivity are calculated, which makes it possible to reduce operations such as cak:ulatk3n of 

weighting coefficients, array reception operatior«. level detectbn and comparison, etc. 

(Embodiment 18} 

25 [0146] Embodiment 18 is explained using FIG.17 arKi FIQ.20. This is a communication system based on a spread 
spectnjm system rrade up of a communk:ation apparatus (base station) with the configuration in FIQ.17 and another 
communication apparatus (temiinal) with the configuration in FIG.20. 

[0147] First, the uplink is explained. The communication apparatus (terminal) on its fransmttting side modulates a 
transmission signal Isy modulator 1801. At this time, not only data modulation but also spreading modulation is candied 
30 out. The modulated sigruil is frequency-converted and amplified by radk) transmission circuit 1802. passed through 
antenna sharing device 1803 and transmitted from antenna 1804. 

[0148] The reception in the communication apparatus (base statkin) with the configuration in FIG.1 7 is the same as 
that explained in Emtxxiiment 13. A received signal is obtain^ through array reception by adaptive array antenna 
receiver 109. Selector 117 selects a weighting coefficient from the results of the reception power of the desired wave 
55 and reception SIR. 

[0149] Then, the downlink is explained. The communicatbn apparatus (l3ase station) on its fransmitting side modu- 
lates a transmisston signal by modulator 1004. At this time, not only data modulation but also spreading modulation is 
carried out. Sum-ofiaroducts calculator 1 005 multiplies the signal by weighting coeff k^ient selected by selector 117. The 
multiplication result is frequency-converted arKi anplrfied tiy radio transmission circuit 1006. passed through antenna 

40 sharing devices 1001 to 1003 and transmitted from antennas 101 to 103. 

[0150] On the other hand, on the terminal skle, the signal is received through antenna 1804. passed through antenna 
sharing device 1803, amplified, frequency-converted and A/D-convert^ by radio reception circuit 1805. This signal is 
despread using the same spreading codes as those used for spreading according to a spread spectrum communicatbn 
system by correlator (or match^ filter) 1 806. The despread signal is sent to timing detection section 1808. The timing 

4S detection sectton cak;ulates the power of the correlator output and detects time to at which the power is great. This tim- 
ing to is sent to decimation section 1809. The decimation sectton sends the received signal of timing tO to denrxxiulator 
1810. The demodulator demodulates and outputs the received signal. 

[0151] Thus, in the communication apparatus based on the spread spectrum system, one communication apparatus 
comprises a transmission/rec^ton section using an adaptive array antenna, which calculates a weighting coefficient 
so with a new directivity pattern from the weighiting coefficient of the received sigrtal combined by the adaptive arr^ 
antenna and selects it from the results of the receptk>n power of the desired wave and the reception power SIR as the 
weighting coefficient for transmissk>n and transmits it. which gives the following effects: 

(1) If there is no significant difference in the power of the desired wave, transmission focused on the direction with 
ss an optimal SIR makes it possible to reduce interference with other stations, improving the utilization effk:iency of 

radio spectrum. In the CDMA system, it can also increase the system capacity. 

(2) If there is a significant differeice in the receptfon power of the desired wave, fransmission focused on the direc- 
tion corresponding to the maximum reception power of the desired wave makes it possible to improve the receptfon 
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power of the desired wave of the communication counterpart (terminaQ. 
(Embodiment 19) 

5 [0152] Embodiment 19 is explained using FIQ.18 and FIQ.20. This is a comnrxjnication system based on a spread 
spectrum system made up of a oommunication apparatus (base station) with the configuration in FIG.18 and another 
communication apparatus (terminal) with the configuration In FIQ.20. 

(01 53] First, the i^slink is explained. The communication terminal apparatus on its transmitting side modulates a trans- 
mission signal by modulator 1801 . At this time, not only data modulation but also spreading modulation is carried out. 
10 The modulated signal is frequency-converted and Eunpiified by radio transmission dfcuit 1802, passed through antenna 
sharing device 1803 and transmitted from antenna 1804. 

10154] The rec^ion in the communication apparatus (tiase station) with the configuration in FIG.18 Is the same as 
that explained in Embodiment 14. A received signal is obtained through array reception by adaptive array antenna 
receiver 109. Selector 117 selects a weighting coefficient from the results of the reception power of the desired wave 
IS and reception SIR. 

10155] Then, the downlinit is explainai. The communication apparatus (t>ase station) on its transmitting side modu- 
lates a transmission signal by modulator 1004. At this time, not only data modulation but also spreading modulation is 
carried out Sum-of-products calculator 1005 multiplies the signal by weighting coeffident selected by selector 117. The 
multtslication result is frequency-converted and amplified by radio transmission circuit 1006. passed through antenna 

20 sharing devices 1001 to 1003 and transmitted from antennas 101 to 103. 

(01 56] On the other hand, on the tenminal side, the signal is received through antenna 1 804, passed through antenna 
sharing device 1803, amplified, frequency-converted and A/D-converted by radio reception circuit 1805. This sifipial Is 
despread using the same spreading codes as those used for spreading according to a spread spectaim communication 
system by con-elator (or matched filter) 1806. The despread signal is sent to timing detection section 1808. The timing 

25 detection section calculates the power of the con'elator output and detects time tO at which the power is great. This tim- 
ing tO is sent to decimation section 1809. The decimation section sends the received signal of timing tO to demodulator 
1810. The demodulator demodulates and outputs the received signal. 

(01 57] Thus, in the radio communication system based on the spread spectrum system, one communication appara- 
tus comprises a transmission/reception section using an adaptive anray antenna, which calculates a weighting coeffi- 
30 cient with a new directivity pattern from the weighting coeffident of the received signal combined by the adaptive an-ay 
antenna and selects it from the results of the reception power of the desired wave and the reception power SIR as the 
weighting coefficient for transmission, which gives the following effects: 

(1) If there is no significant difference in the reception power of the desired wave, transmission focused on the direc- 
35 Won with an optimal SIR makes it possible to reduce interference with other stations, improving the utilization effi- 

dency of radio spectrum. 

(2) If there is a significant difference in the power of the desired wave but there is no significant difference in the 
SIR, transmission foctaed on the direction corresponding to the naximum reception power of the desired wave 
makes it possible to improve the reception power of the desired wave of the communication counterpart (terminal). 

40 (3) If there is a significant difference in both the reception power of the desired wave and SIR, and if the large/small 
tendency is consistent between the reception power of the desired wave and SIR, transmission is carried put 
focused on the direction corresponding to the maximum reception power of the desired wave and if it is not consist- 
ent, transmission is carried out with the same directivity pattern as the reception directivity, which will prevent either 
the reception power of tiie desired wave or SIR from extremely deteriorating. 

45 

[0158] The base station apparatus of the present invention can also have a two-system configuratton as shewn In 
FIG.21. 

(01 59] The base station apparatuses and radio communication methods can be applied to rrK>bile station apparatuses 
snd base station apparatus of a radio communication system. Moreover, the base station apparatuses arxi radio com- 
so munication methods in the embodiments above can be implemented by combining them accordingly. The present 
invention can be applied not only to CDMA but also to TDMA and other systems. 

[0160] As described above, the base station apparatuses and radio communk:ation methods calculate a weighting 
coeffici^ with a new directivity pattern from the weighting coeffident of the received signal combined by the adaptive 
array antenna, select and transmit it as the weighting coeffident corresponding to the maximum reception power of the 
55 desired wave as the weighting coeffident for transmission, focusing on the direction in which the reception pmer of the 
desired wave reaches a nr^mum value, which will improve the reception power of the desired wave of the communi- 
cation counterpart (terminal). 

(0161] Moreover, the present invention calculates a weighting coeffident with a new directivity pattern from the 
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weighting coefficient of the received signal combined by the adaptive array antenna, selects and transmits the one with 
the maximum SIR as the weighting coefficient for transmission, thus focusing on the direction with an optimal SIR. 
which will reduce interference with other stations and contribute to more effective utilization of radio spectrum. 
[0162] In addition, the present invention calculates a weighting coefficient with a new directivity pattern from the 
5 weighting coefficient of the received signal combined by the adaptive array antenna, selects it as the weighting coeffi- 
cient for transmission from the results of the reception power of the desired wave and reception SIR. which gives the 
following effects: 

(1 ) If there is no significant difference in the reception power of the desired wave, transmission focused on the direc- 
10 tion with an optimal SI R makes H possible to reduce interference with other stations, improving the utilization eff i- 
cierKy of radio spectrum. 

(2} If there is a significant difference in the reception power of the desired wave but there is no significant difference 
in the SIR, transmission focused on the direction oonesponding to the maximum reception power of the desired 
wave allows improvements of the reception power of the desired wave of the communication counterpart (terminal). 
IS (3) If there is a significant difference in bath the reception power of the desired wave and SIR. and if the targe/small 
tendency is consistent betwe^ the reception power of the desired wave and SIR. transmission is carried out 
focused on the cfirection corresponding to the maximum reception power of the desired wave and if it is not consist- 
ent transmission is carried out with the same directivity pattern as the reception directivity, which will prevent either 
the reception power of the de^red yNave or SIR from extremely deteriorating. 

20 

[0163] Furthermore, the present invention calculates a weighting coefficient with a new directivity pattern from the 
weightting coeffident of the received signal combined by the adaptive an-ay antenna, allows not only a single weighting 
coeffident but also a plurality of weighting coefficients to be selected from the results of the reception power of the 
desired wave and reception SIR for transmission, and if a plurality of weighting coefficients are selected it is allowed to 

25 calculate and transmit a weighting coefficient with directivity which combines their respective directivity patterns, which 
makes K possible not only to perform transmission with optimal directivity from the reception power of the desired wave 
and reception SIR. but also to limit comparison to one direction and if a plurality of candkiates are selected, calculate 
weighting coeffidents with combined directivity, thus redudng calculation of weigNing coeffkaenks, array receptk>n 
operations, level detection and conparison, etc. 

30 [0164] The present invention, in communications t>ased on a spread spectrum system, further calculates a weighting 
coeffident with a new directivity pattern from the weighting coeffident of the received signal conrA>ined by the adaptive 
anay antenna and selects and transmits ttie one corresponding to the maximum reception SIR as the weighting coeffi- 
dent for transmission, which reduces interference with other stations, increasing the system capadty of the CDMA sys- 
tem. 

35 [0165] The present invention is not limited to the above described embodiments, and varksus variatk»ns and modifi- 
cations may be possible without departing from the scope of the present invention. 

[0166] This applk:ation is based on the Japanese Patent Application No.HEl 10-1 05747 filed on March 31. 1998 entire 
content of which is expressly incorporated by reference 

40 Claims 

1. A base station apparatus, comprising: 

reception means (109) for adaptive array antenna reception: 
45 first directivity formatton means (1 1 0) for fbrming reception directivrty from a received signal: and 

second directivity formation means for forming new directivity limited to a specific direction from sakJ reception 
directivity. 

2. The base station apparatus according to daim 1, wherdn the second directivity fomiation means forms a plurality 
50 of new directivity patterns. 

3. The base statfon apparatus according to daim 2. further comprising level detectfon means(1 15.1 16) for detecting 
the reception level in a plurality of new directivity patterns, and selection means (117) for selecting at least one of 
a plurality of sakJ new diredivity patterns. 



55 



The base station apparatus according to daim 3, comprising combination means for combining a plurality of direc- 
tivity patterns selected by tiie selection means (1 17). 
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5. The base station apparatus according to daim 3. wtierein the \e^e\ detection nieans (1 15.1 16) detects at least one 
selected the group consisting of the reception level of the desired wave and SIR. 

6. The t>ase station apparatus according to claim 1 . wherein the second directivity formation means limits directivity 
5 in a direction with a greater reception directivity gain. 

7. The base station apparatus according to claim 1, wherein the second directivity formation means Gmlts directivity 
to a direction required lor finding any directivity. 

10 8. The base station apparatus according to daim 1, comprising transmission means for carrying out transmission 
according to new directivity. 

d. The base station apparatus according to daim 3, wherein the selection means (117) selects reception directivity 
from new directivity pattems and reception directivity patterns. 



IS 
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10. A communication temiinal apparatus, which carries out racfio communications with the base station apparatus 
according to claim 1 . 

11. A radio communication metiiod. comprising: 

a reception step for perfbrmirig adaptive an^ay antenna reception; 

a first directivity formation step tor forming reception directivity from a received signal; 

a second directivity formation step for forming new directivity limited to cfirectivity in a specific direction from 

said reception directivity. 

12. The radio communication method according to daim 1 1 , wherein tfie second directivity formation step forms a plu- 
rality of new directivity patterns. 

13. The radto communication method according to daim 11, furtiier comprising: 

a level detedion step for deteding the reception level in a plurality of new diredivity patterns; 

a selection step for selecting at least one new directivity pattern from a plurality of said new directivity patterns. 



14. The radio communication method according to claim 1 3. further comprising a comt>ination step for combining a plu- 
3S rality of directivity patterns selected in the selection step. 

15. The radto communication metiiod according to claim 13. wherein at least one selected tiie group consisting of ttie 
reception power of the desired wave and SIR is detected in the level detection step. 

40 16. The radio communication method according to claim 1 1 , wherein directivity to a direction with a greater reception 
diredivity gain is limited in the second directivity formation step. 

17. The radio communication method according to daim 1 1, wherein diredivity to a direction required for finding any 
diredivity is limited in tiie second directivity formation step. 

45 

18. The radto communication method according to claim 13. wherein reception directivity from new diredivity patterns 
and reception directivity patterns is seleded in the selection step. 

so 
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